Abstract: Acute gastric variceal bleeding (GVB) is a catastrophic problem and accounts for one of the major causes of death in cirrhotic patients. Although, N-butyl cyanoacrylate (NBC) has been shown to control bleeding effectively, it still carries up high mortality rate. This study aimed to find the predictors of mortality within 6 weeks after emergent endoscopic treatment with NBC injection.
INTRODUCTION
V ariceal bleeding is a frequently encountered and often catastrophic complication of portal hypertension, accounting for up to 15% to 30% of deaths in patients with cirrhosis. [1] [2] [3] Successful management of a variceal bleeding relies on early diagnosis and prompt institution of therapy using a combination of aggressive resuscitation, pharmacological treatments to reduce portal pressure, and endoscopic intervention to target the source of bleeding. Although gastric varices (GVs) occur less frequent than esophageal varices (EV), the cumulative risk of GV bleeding is as high as 44% in 5 years. 4 It poses a greater mortality rate (30%) 5, 6 and up to nearly one-third rebleeding rate after spontaneous remission, 7, 8 which is still far from ideal. The identification of high mortality risk patients may suggest more aggressive intervention such as evaluation of liver transplantation or transjugular intrahepatic portosystemic shunt (TIPS). As for EV bleeding, most consistently reported risk indicators of mortality are Child-Turcotte-Pugh (CTP) score class or its components, model for end-stage liver disease (MELD) score, renal failure, bacterial infection at admission or shortly after, hypovolemic shock, active bleeding at endoscopy, hepatocellular carcinoma (HCC), and hepatic venous pressure gradient (HVPG) above 20 mm Hg. [9] [10] [11] [12] [13] [14] However, few studies focus on the clinical predictive factors of mortality for acute gastric variceal bleeding (GVB). Therefore, this retrospective study aimed to investigate the possible predictors of early rebleeding within 120 hours, mortality within 6 weeks after emergent Histoacryl treatment, and evaluate clinical outcome of these patients within 6 weeks.
MATERIALS AND METHODS

Patient Selection
This study recruited cirrhotic patients that presented with acute GVB and admitted to our hospitals receiving emergent endoscopic injection of N-butyl-2-cyanoacrylate (NBC) between January 2011 and June 2013 ( Figure 1 ). GVB was diagnosed by clinical signs of hematemesis, coffee ground vomitus, hematochezia, or melena with any of the following criteria 15, 16 : endoscopic signs of active bleeding from the GVs; adherent blood clots, white nipple signs, or GV erosion; and the presence of distinct large GVs with red-color signs (red spots or red wale markings on the varices) and absence of EV and other bleeding sources. The diagnosis of cirrhosis was based on pathology, clinical, and sonographic or computed tomographic findings. Patients were excluded as follows: initial treatment failure (rebleeding within 24 hours), and lost of follow-up within 6 weeks following initial successful hemostasis of GVB. We collected data from all enrolled patients including history, physical examination, and laboratory measurements at arrival to the hospital. This study was carried out with preapproval by the Linkou Chang-Gung Memorial Hospital Institutional Review Board (102-0673B).
Definitions
The GVs were classified according to the criteria suggested by Sarin et al 7 : type 1 (GOV1), varices continuous with EV and extending along the lesser curve for approximately 2 to 5 cm below the gastroesophageal junction; type 2 (GOV2), varices extending from the esophagus below the gastroesophageal junction toward the fundus; and type 3 (IGV, isolated GV), varices located in the fundus or antrum without EV. The size of GV was defined according to the criteria suggested by Hashizume et al 17 : Form 1 (F1), tortuous winding varices; F2, nodular-shaped varices; and F3, tumorous huge varices. Active bleeding is a state defined endoscopically, when spurting or oozing is seen from the varix. 18 According to Asian Pacific Association for the Study of the Liver 2011 guideline, 18 protection of airway for esophagogastroduodenoscopy (EGD) examination with endotracheal intubation was suggested in those patients with the following conditions: severe uncontrolled variceal bleeding, hepatic encephalopathy (grades III and IV), aspiration pneumonia, and difficulty in maintaining oxygen saturation above 90%. Achievement of initial hemostasis was defined by stable vital signs and absence of rebleeding within 24 hours. Initial treatment failure was defined as failure to control acute bleeding after 2 attempts with the same endoscopic methods, >1 GV rebleeding episode, and bleeding death or change of modality (ie, if the endoscopist judged that hemorrhage could not be controlled, the modality might be changed to another endoscopic method or operation) within 24 hours. Renal function impairment was defined as a creatinine level >1.5 mg/dL in those without preexisting renal disease and an increase of >50% in those with preexisting renal disease 19 rather than universal definition of acute kidney injury (AKI), 20 because it was not always available in this tertiary hospital cohort because most of the patients were transferred and lack of previous baseline renal function test. The systemic inflammation response syndrome (SIRS) was defined as fulfilling at least 2 of the following criteria: core temperature >388C(100.48F) or <368C (96.88F); heart rate !90 beats/ minute; respiratory rate !20 breaths/minute or arterial partial pressure of carbon dioxide <4.3 kPa (32 mm Hg); white blood cell count !12 000/mm 3 21 Acute on chronic liver failure (ACLF) was based on the presence of acute decompensation (AD; defined by the acute development of one or more major complications of liver disease such as ascites, encephalopathy, or gastrointestinal hemorrhage) and organ failures (including liver, kidney, cerebral, coagulation, circulatory, and respiratory) according to Moreau definition. 22 
Treatment Methods
In our study, vasoconstrictors such as terlipressin or somatostatin, proton pump inhibitor, and prophylactic antibiotics 23, 24 were administered as soon as possible after arrival at emergency room. Packed red blood cell (PRBC) was given to maintain hemoglobin of 7 g/dL prior to the EGD treatment. 25 Therapeutic endoscopy was performed within 24 hours after bleeding occurred.
A standardized Histoacryl injection method was used according to the recommendations of Seewald et al. 26 A working solution of Histoacryl was generated by mixing 0.5 mL with 0.8 mL of lipiodol (Guerbert, Roissy, France). The injection catheter (21G or 23G InterjectTM; Boston Scientific, Spencer, IN) was first primed with 0.8 to 1.2 mL of lipiodol to prevent premature solidification of the Histoacryl. Then, the bleeding gastric varix was punctured and the working solution was injected, immediately followed by 1.0 to 2.0 mL of sterile distilled water to ensure delivery of the entire working solution volume into the varix. The needle was retracted and immediately flushed with sterile distilled water to maintain patency. Then, the varix was probed with the injection catheter and if it was found to have remained soft, an additional 1.3 mL injection was initiated to achieve complete obliteration (defined as absolute firmness of the injected varix). All of these procedures were carried out without the aid of fluoroscopic monitoring. All 
Statistical Analysis
Statistical analyses were carried out by the SPSS software, version 20.0 (SPSS, Inc, Chicago, IL). Descriptive data with normal distribution are reported as mean AE standard deviation or as percentage otherwise as median [interquartile Range (IQR)]. The Student t test and Mann-Whitney U test were used to assess differences between groups in normal distributed and non-normal distributed groups separately. Chi-square was used for categorical variables between the 2 groups. Stepwise logistic regression analyses, both univariate and multivariate, were used to determine the correlation of the predictive factors to clinical outcomes. A 2-tailed P value <0.05 was considered as statistically significant.
RESULTS
Patient Demographics
Total 158 patients with acute GVB were screened for eligibility ( Figure 1 ). Among them, 26 patients were excluded because of receiving endoscopic band ligation (N ¼ 2), only medication treatment (N ¼ 7), not cirrhosis-related portal hypertension (N ¼ 5), no achievement of initial hemostasis (N ¼ 3), and loss of follow-up within 6 weeks after discharge (N ¼ 9). Surgical intervention was considered for 3 patients without achievement of initial hemostasis but only 1 received devascularization with splenectomy procedure while the other 2 patients received conservative treatment. However, all the 3 patients eventually died. The remaining 132 cirrhotic patients with active GVB were analyzed. Their demographic characteristics are shown in Tables 1 (IQR) MELD score and CTP score at the time of hospital arrival was 14 (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) and 8 (6-10). Ninety-three (70.5%) patients presented with hematemesis or coffee ground vomitus upon arrival. One hundred thirteen (85.6%) patients with GVB received packed red blood cell transfusion prior to the EGD procedure according to their hematocrit level. None of these patients had complication after histoacryl injection such as systemic embolism, mesenteric hematoma, hemoperitoneum, fistula, and pericarditis as reported by previous literature.
27-31
Prognostic Indicators of 6 Weeks Mortality
The clinical findings and outcome of these patients are shown in Table 3 . The overall mortality rate within 6 weeks was 16.7% (n ¼ 22) after initial successful treatment. As shown in Tables 1 and 2 , the significant differences between mortality and nonmortality were younger age (48.1 vs 52.0, P ¼ 0.027), endotracheal intubation (81.8% vs 37.3%, P < 0.001), renal function impairment (63.6% vs 7.3%, P < 0.001), higher (Table 4) . ROC curves were performed to decide the optimal cut-points for 6 weeks mortality. A MELD score of !18 was associated with Area Under the Receiver Operating Characteristic (AUROC) of 0.794 (P < 0.001, 95% CI: 0.690-0.897) and a CTP score of !9 with AUROC of 0.848 (P < 0.001, 95% CI: 0.755-0.942) for determining 6 weeks mortality (Figure 2 ). The sensitivity, specificity, positive predictive value, and negative predictive value for predicting of 6 weeks mortality are 68.2% vs 90.9%, 80.9% vs 69.1%, 39.5% vs 37.0%, and 92.6% vs 97.4% by MELD score !18 points and CTP score !9 points, respectively.
In addition, we also analyzed the predictors of rebleeding within 5 days that we found the presence of SIRS (OR: 9.351, 95% CI: 3.082-28.37, P < 0.001) and active bleeding during EGD (OR: 6.682, 95% CI: 2.068-21.59, P ¼ 0.002) are associated factors of rebleeding within 5 days (Table 4) .
DISCUSSION
In this study, several important prognostic factors were associated with the mortality within 6 weeks after initial successful hemostasis. Impaired renal function, deteriorated liver function with CTP score !9 as well as MELD score !18, rebleeding within 5 days, and ACLF were prone to have higher mortality rate. Besides, SIRS and active bleeding during EGD are associated with rebleeding within 5 days.
Currently, there are few well-established models for accurate prediction of survival in patients with cirrhosis following an episode of GVB compared to EV bleeding. In cirrhotic patients with esophageal variceal hemorrhage, a high MELD score has been demonstrated to be a predictor of short (in-hospital and 30 days) and long-term (1 year and overall) mortality. 32, 33 In our study, we recruited patients with GV bleeding only. The impacts of liver reserve have significant influence on the survival in patients with GVB. The deterioration of MELD and CTP scores are significantly predictive of mortality in cirrhotic patients with an acute GVB. The MELD and CTP scores are composed by components reflecting severity of the underlying liver disease. The 6-week mortality rate was higher in the MELD score !18 points group (68.2% vs 31.8%, P < 0.001) ( Figure 3A ) and CTP score !9 points group (90.9% vs 9.1%, P < 0.001) ( Figure 3B ). By comparison of AUROC between MELD and CTP scores, the predictive value is similar (P ¼ 0.437). The higher ALT level at the beginning of acute GVB was observed in the mortality group (78 vs 31, P ¼ 0.003), but not significant when using logistic regression analysis (OR: 1.003, 95% CI: 0.996-1.009, P ¼ 0.394) that is compatible with the findings of the EV mortality studies. 33, 34 The increase of ALT level at the bleeding time may relate to liver hypoperfusion, but not represent the extent of liver injury secondary to bleeding event.
The deterioration of renal function is a major factor influencing survival in cirrhotic patients. 34 In previous study, 20 the diagnosis of AKI defined as a rise in serum creatinine of over 0.3 mg/dL or 50% increase in serum creatinine from baseline within 48 hours. It required previous baseline renal function and was compared within 48 hours; however, this was not always available in this tertiary hospital cohort because most of the patients were transferred from local community hospital. Here, We defined renal function impairment as a creatinine level > 1.5 mg/dL in those without preexisting renal disease and an increase of > 50% in those with preexisting renal disease. By logistic regression analysis, the renal function impairment is a critical predictor of mortality after acute GVB (63.6% vs 7.3%, P ¼ 0.002) ( Figure 3C ). Previous studies 35, 36 showed that patients with AD (acute development of ascites, encephalopathy, and gastrointestinal hemorrhage) and organ failure(s) are at high risk for short-term death. Moreau et al 22 defined these people as ACLF and found that the prevalence of ACLF in patients with AD was 30% and associated with a higher short-term mortality rate 15 times higher than that in patients with AD alone. In our study, we also found that ACLF played an important role in determining mortality within 6 weeks (OR: 4.67, 95% CI: 1.62-13.33, P ¼ 0.004) compatible with Moreau conclusion.
Furthermore, the occurrence of SIRS at arrival ER (63.7% vs 36.3%, P < 0.001) is a main predictive factor for the development of renal function impairment and associated with poor survival. There are several possible mechanisms that may explain this finding. First, the increase of systemic and intrahepatic chemokine levels could impair the circulatory dysfunction that commonly is found in cirrhotic patients, leading to further activation of vasoconstrictor systems and favoring renal hypoperfusion and parenchymal injury. 37 Second, the existence of SIRS could promote endothelial dysfunction and hepatocellular damage and disturb the intrahepatic circulation, thus favoring the development of clinical complications. 38 Third, the presence of SIRS could be indicative of a possible bacterial infection, either occult or clinically evident, which is a known precipitating factor of renal failure in patients with chronic liver diseases. 39 Fourth, the cytokine ''overspill'' that characterized bacterial infections and SIRS could have a direct deleterious Mortality, % role in the genesis of renal dysfunction by stimulating apoptosis and necrosis of tubular cells. 40 The above hypothesis may explain the correlation between SIRS and renal function impairment in cirrhotic patients. 41 Among the 132 patients recruited, total 35 patients (26.5%) occurred rebleeding after initial successful treatment and most rebleeding episode occurred within 5 days (n ¼ 21, 60%). The overall early rebleeding rate is 15.9% similar to Prachayakul et al 6 and Jairath et al 3 reports. Besides, more than half of patients with early rebleeding had mortality within 6 weeks (n ¼ 12, 57.1%). Rebleeding within 5 days plays a critical role in determining the predictor of mortality within 6 weeks after acute GVB (54.5% vs 8.2%, P ¼ 0.001) ( Figure 3D ). It may be related to temporary increasing portal pressure after endoscopic hemostasis. Avgerinos et al 42 performed repeated HVPG measurements before and immediately after endoscopic treatment and every 24 hours for a 5-day period. They found that endoscopic injection sclerotherapy (EIS) causes a sustained increase in HVPG than ligation group related to leaving a less number of portal-systemic collaterals that account in part for the differences in HVPG after treatment. Although the mean portal pressure in patients with GVs is lower than in those with EVs, the portal pressure is an important determinant of rebleeding or death in patients with GVs if their portal pressure is >12 mm Hg. 43 These results also clearly justify the importance of early administration of a vasoactive drug for 120 hours after EIS. 42, 44 In our study, we also found SIRS when ER arrival and active bleeding during EGD are associated with the predictors of rebleeding within 5 days. The size and classification of GV has limited impact on the mortality prediction after acute GV bleeding (Table 3 ). In high risk of early rebleeding patients, we can consider further aggressive intervention such as TIPS or balloon-occluded retrograde transvenous obliteration, which is effective and has the potential benefit of increasing portohepatic blood flow and therefore may be an alternative for patients that may not tolerate TIPS [45] [46] [47] if early rebleeding occurred to prevent mortality.
Our study aimed at only predicting mortality in acute GVB. However, most recruited patients (n ¼ 117, 88.6%) had EV concurrently and more than one third (n ¼ 43, 36.8%) of them had EV bleeding history before. There were several studies mentioned about predictors of mortality after acute EV bleeding. Bambha et al 33 analyzed 256 cirrhotic patients and found MELD score >18, requiring >4 units of PRBCs transfusion within the first 24 hours or with active bleeding at endoscopy were at increased risk of mortality within 6 weeks. Han et al 48 analyzed 102 cirrhotic patients with HCC and found that the poor hepatic function, active bleeding at endoscopy, failure to control bleeding, and impaired renal function were predictors of in-hospital mortality after acute variceal bleeding. In our experience, Chen et al 24 analyzed 128 cirrhotic patients after acute EV bleeding between January 2007 and December 2008 in our hospital, we found that MELD score !21.5, hypovolemic shock, and nonselective b-blocker use after rebleeding were predictors of 6 weeks mortality. In conclusion, poor liver function plays an important role in determining mortality both after acute GV and EV bleeding.
There are still some limitations in our study. First, it was conducted in a retrospective cohort and some patients were lack of serum creatinine values at baseline that could be compared when bleeding event occurred. Second, not all of the patients receive prophylactic antibiotics during the acute bleeding stage. Thus, the impact of prophylactic antibiotics use on the post-GV bleeding survival remained unclarified.
In summary, our study clearly documented that mortality rate within 6 weeks after acute GVB post-Histoacryl injection treatment is as high as 16.7%. It is crucial to identify those who were at high risks of mortality after GV bleeding that intensive monitoring is required. Those who have impaired renal function, deteriorated liver function with CTP score !9 as well as MELD score !18, rebleeding within 5 days, and ACLF are independent predictors of mortality within 6 weeks. Based on these findings, we recommend intense monitoring of liver and renal function as well as sign of early rebleeding in the high-risk patients. Further assessment of liver transplantation may be indicated in the higher MELD score patients encountering acute GV bleeding.
